The photocatalytic degradation of 2,4-dinitrophenol over ZnO was carried out in the presence of light. Control experiments were carried out. The photocatalytic degradation of 2,4-dinitrophenol was observed spectrophotmerically. The various parameters like concentrations of substrate, pH, amounts and band gaps of semiconductor, impact of light intensity, sensitizers and radical quenchers affected the kinetics of the degradation process. A probable mechanism for this process has been proposed.
Introduction
The photocatalytic reactions are carried out in the presence of light and semiconductor. These reactions have been classified into two categories depending upon the nature of reactants and semiconductors, homogeneous and heterogeneous. Homogeneous photocatalysis and the generation of active species in situ by light is potentially interesting 1 . The attention has been mainly devoted to the chemistry originated when light observed by a photo redox process has grown enormously in recent years 2 and several physical methods are being adopted for the characterization of the catalyst films, particles and for the study of their reactions 3 . Heterogeneous photo catalysis by semiconductor through particulate systems has become an exciting and rapidly growing area of research in the last few years [4] [5] Photocatalytic degradation of 2,4-dinitrophenol was studied by taking 10 mL solution (2.5x10 -4 M) in 100 mL beaker and 200 mg of photocatalyst (ZnO, 60 Mesh powder) was added to it. Then this solution was exposed to a 500W halogen lamp from the topside of a closed beaker. The tungsten halogen lamps develop a larger amount of ultraviolet radiation than the other general service lamps 13 .
The progress of photocatalytic reaction was observed by measuring absorbance (ABS) at 360nm using spectrophotometer (spectronic-20D + ) in a glass cuvette with path length 1 cm. Graphs of 2+log ABS versus exposure time were drawn and their slopes were determined. These graphs were plotted according to the linear least squares method 14 .
Results and Discussion
The photocatalytic degradation of 2,4-dinitrophenol was observed at 360 nm. The results for typical run for the photocatalytic degradation of 2, 4-dinitrophenol is shown in Table 1 . From the graph of 2+log ABS versus exposure time, its slope was determined. Using expression k = 2.303 x slope, the rate constant was found. The photocatalytic degradation of 2, 4-dinitrophenol was found to be of first order. 
Effect of 2,4-dinitrophenol concentration
The effect of 2,4-dinitrophenol concentration on the rate of its photocatalytic degradation was observed by taking different concentrations of 2,4-dinitrophenol. The results are tabulated in Table 2 . It was observed that as the concentrations of 2,4-dinitrophenol were increased, the value of rate constant (k) increased. Within lower concentration range, the reaction rate is proportional to its concentration. This is a normal feature of first order reaction. Table 2 . Effect of 2,4-dinitrophenol concentration. Zinc Oxide = 200 mg; pH = 6.00; Temperature = 309 K; λ max = 360 nm; Light intensity = 7.38 mWcm -2
Effect of pH
The effect of pH on the rate of photocatalytic degradation of 2,4-dinitrophenol was investigated in pH range 2 to 8. The results are tabulated in Table 3 . In the acidic region, when pH was raised, the rate constant value increased and at pH 6.00, the k value was highest. On still increasing pH in the alkaline region, the k value decreased. It seems that neutral species play an important role in the degradation process. 
Effect of amount of photocatalyst
The effect of amount of photocatalyst on the rate of photocatalytic degradation of 2,4-dinitrophenol was observed by taking different amounts of semiconductor keeping all other factors identical. The results are reported in Table 4 . As indicated from the data, the photocatalytic degradation of 2,4-dinitrophenol increases with the increase in the amount of semiconductor. Usually an amount of 200 mg covers the whole surface area but an additional quantity is likely to increase floating photcatalyst particles, hence increase in reaction rate is observed.
Effect of light intensity
The effect of light intensity on the rate of photocatalytic degradation of 2,4-dinitrophenol has been observed by varying the distance between the light surface and exposed surface of the semiconductor. The results are given in Table 5 . As the intensity of light was increased, more photons would be available for excitation at the semiconductor surface and in turn more electron hole pairs will be generated. degradation. In the degradation of 2,4-dinitrophenol, the value of k was found to increase with the increase in light intensity, a typical characteristic of a photocatalytic reaction. 
Effect of band gap of semiconductor
The usual exited semiconductor has separated the hole and electron pairs that induce the photocatalytic reactions and hence the band gap energy has important role to play 15 . The effect of band gap on the photocatalytic degradation was studied in the presence of different semiconductors having different band gap values. It is observed that the value of the rate of photocatalytic degradation (k) increased as the band gap increased up to band gap of ZnO (3.20 ev), but after the band gap (ZnS, 3.80 ev) increased, the value of the rate of photocatalytic degradation (k) decreased. Results are shown in Table 6 . Table 6 . Effect of band gap of semiconductor. Zinc Oxide = 200 mg; pH = 6.00; [2,4-dinitrophenol] = 7.0 x10 -5 M; Temperature =309 K Light intensity = 7.38 mWcm -2 ; λ max = 360 nm.
Effect of radical quencher
The presence of free radical quenchers caused marginal effects on the photocatalytic degradation of 2,4-dinitrophenol. Alcohols are known to quench free radicals present. When this photocatalytic reaction was carried out in the presence of free radical quenchers likemethanol, ethanol etc., the rate of reaction was found to decrease to a marginal level indicating the active participation of free radicals in the degradation. The results are tabulated Table 7 . Out of the three quenchers selected, the quenching efficiency of isopropanol was found to be highest among all. The free radical quenching efficiency of alcohols is 3 0 > 2 0 > 1 0 which is observed in these reacting systems. 
Effect of sensitizer
Certain dyes or complex compounds show the tendency to increase the rate of degradation by sensitization. In the present investigation, three compounds were taken for study i.e. methyl orange, crystal violet (methyl violet), K 3 [Fe(CN) 6 ]. The results are tabulated in Table 8 . The experimental results show that these compounds were unable to sensitize the reaction rate. 
Subscript "ads" refers to species adsorbed on the surface of semiconductor. It was observed that the products of photocatalytic degradation of 2,4-dinitrophenol in presence of ZnO were colorless gases with virtually no solid residue left in the solution after almost complete degradation. Hence, probable reactions proposed are as under. 
Conclusion
The photocatalytic degradation of 2,4-dinitrophenol was observed. Concentration of substrate, pH of solution, amount of photocatalyst, light intensity etc showed their expected impact on the reaction rate. This method is useful to degrade 2,4-dinitrophenol completely into decomposition products other than solids. Using the kinetic parameters, the rate of reaction can be increased to a faster speed as required.
